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(57) Abstract 

A radially expandable access device having an introducer with a plurality of leaves surrounded by a lubricous, pleated membrane 
is disclosed. The pressed and pleated membrane holds the leaves in an initially tight configuration to foim a lumen for the insertion of 
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point necessary to gain entrance mto the patient's body is very small, thereby minimizing pain and discomfort to the patient If desired the 
entry wound can later be expanded, radier than cut or torn, by the introduction of a larger instrument in the hmien of die introducer. Upon 
deployment of a larger medical instrument in the lumen, the leaves separate from one anodicr as the instrument is toserted therethroueh 
and the membrane unpleats. 
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EXPANDABLE ACCESS DEVICE AND METHOD OF 
CONSTRUCTING AND USING SAME 

Field of thB Invflntinn 

The present invention relates generally to surgical access devices for use in endoscopic surgery, such 
devices comprising introducers, endoscopic sheaths, catheters, endoscopes, cannulas, and the like, and, more 
particularly, to a surgical access device having a multiple of tapered leaves forming a central lumen capable of 
expanding upon insertion of a medical instrument therethrough. 

Backoround of the Invention 

The advantages of minimally invasive surgery are well known and understood. For example, minimally 
invasive surgery reduces the trauma and pain to the patient, accelerates recovery, end shortens the average hospital 
stay, thus minhiizing the costs of health care in the U.S. and around the world. Through the use of advanced 
endoscopy and other visloff systems, surgery can be performed percutaneoiisly through one or mdffe small incisions 
or portals formed in the patienf s body or through a bodily orifice, such as vagina, cervbt, urethra, rectum, mouth, 
etc., or into the vascular or venous systems for use with other catheters, guidewires, and other instruments, 
bitrance to the body is accomplished in a number of ways depending upon the type of procedure. Once a portal 
or *^orr is formed hi the patienf s body, a number of surgical access devfces may be placed therethrough in order 
to perform the procedure. Such devices wiD typically include some form of endoscope or other vaton system to 
aDow the surgeon to vnualize the procedure. Other surgical access devices, such as an introducer, an endoscopic 
sheath, catheters, or other cannulas, may be used in combination with an endoscope. The endoscopes and other 
endoscopic surgical instruments may be inserted through these surgrcal access devices. Such surgical access devices 
may be reusable and, thus, require sterilization (such as most endoscopes), or may be disposable (such as introducers, 
endoscopic sheaths, etc.). Additional procedures can be performed using other means of visuaBzatkin, inchiding 
fluoroscopy, ultrasonography, etc. 

In additkin to minimal invashreness, there is also a trend to attempt to perform unanticipated procedures 
during the mttial surgery so as to avoid scheduling repetitive surgeries or having to repeat entry into the surgical site 
with larger portals, thereby increasing surgnal time or requiring further hivashreness. For example, frequently a 
diagnostic procedure is scheduled for a ghren purpose. However, once tnside the pattent, the surgeon mqht notfce 
a cyst polyp, lesion, or other suspicnus pathology. Therefore, the surgeon may desire to perform a biopsy or other 
surgical procedure. K an addhkmal diagnostic or therapeutic procedure is accomplished concurrently with the initial 
procedure, substantial savings in patient comfort, recovery time, and costs may be realized. Moreover, if en 
introducer can accommodate multiple sizes of bistruments, cost savings may be realized. 

Surgical access devices in the prior art require introduction of a separate diletor or sheeth for expanding 
the initial wound site to accommodate a larger medical mstrument. As a result the access device must first be 
expanded by a separate expander before the hirger instrument can be introduced into the access device. Moreover, 
because the dflating sheath is a predetermined size, the wound is often expanded more than is necessary to 
accommodate the instrument for that particular procedure. 
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Summary of tha invantion 

The present invention recognizes end addresses the need for en expandeble surgical access device that can 
be expanded in a radml or generally radial draction directly by a medical mstrument itself without necessarily 
requiring snother dSetor or sheath to perform the expanding function. The profile of the access device of the present 
invention is initislly very small and is expanded only so far as is necessary to accommodate the instrument. The 
expansion can be radial so as to produce a larger cross-sectional circular area or the expansion can be such that 
other non-circular cross-sectional areas are produced. Advantageously, beceuse dilation is achieved by the mstrument 
itself, the incision site is not unnecessarily expanded, and thus unnecessary pain or discomfort to the patient is 
reduced or oMated. hi addition, the additional time and steps for expanding the initiel puncture site is minimized. 



Advantageously, the access device of the present invention can accommodate tastruments of various sizes. 
Bmm an access device ceniie. expended to various sizes depending on the size of the instruroentr-the eccess 
device can be used in connection with a variety of medical instruments and procedures, thereby reducmg the costs 
of supplying introducers of different sizes. 

The surgical access device of the present inventten cen be inserted into a patient's body with only a very 
smaD initial entry mcision. To f acBtate entry, a venres needle or other puncture implement mey be placed through 
the central hmnen of the access device. The profile of the access device can later be expanded by removing the 
verres needle and introducing a larger instrument into the control lumen to expand the himen, thereby expendmg the 
incision as weD. Thus, a separate port or second hmien is not required to accommodate the larger instrument 

By expanding or dialing the inciaon, the tissue b stretched as opposed to cut or torn by larger trocare 
and pointed insertion implements, in a preferred embodiment the central kmien of the present access device may 
be expanded from 2mm to 4mni, to 8mm, or to IQmm. it is noted, however, that the himen of the eccess device 
may be of any mitiaOy smaO profile, and may be expandable to any larger profie. For vescular access, once entry 
into the vessel is made, guidewve or edditional catheter exchanges could be performed without remov'mg the eccess 
25 device. 

An access device made in accordance with the present invention comprises a segmented or perforated 
elongate member having a central hmien for recehring a medical instrument end is surrounded by a thin, hibrnous 
material or membrane. The segmented member comprises at least two segments and is of sufficient structural 
integrity to guide the instrument through the himen to the desired location, in a preferred embodiment, the 
30 segmented elongate member comprises a plurafity of leaves in close proximity to each other. The segments of the 
member may also be formed in other ways, such as by a single piece of material with prefabricated longitudinal slits 
or perforations, which can be spDt open upon dilation. Where the sides of the leaves or segments meet or are near 
each other, the leaves in combination with the membrane form an articulatmg joint. Thus, the leaves cen move in 
relation to each otiier, particuiariy during expansion of the central limien, while stiD mamtaining a relationship to one 
35 another. 
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In a preferred embodnnent each leaf is identical. Each leaf is of a small thickness so that the width or 
diameter of the central hmien is maximized whUe the profBe of the etongate member is initially small. In a preferred 
embodiment each leaf or segment has one or more r9ks or notches extending longitudinally to further aid in guiding 
the instrument through the lumen. While each leaf alone may be weak, the combbiation of leaves forms a member 
of sufficient rigidity and structural integrity to be hserted into a patient. Thus, the leaves provide structural support 
for the access device. In a preferred embodbnent, each leaf is slightly rounded so that m a pre-diiated configuration, 
when the leaves are placed near to each other, the leaves form a rigid or semi-rigid segmented member. 

The segmented elongate member has a proximal section attached to a handle, a middle section, and a distal 
section. In the mitial pre-dQated configuration, and the distal section has a smaller profile than the profBe of the 
proxanal section. In a preferred embodiment, the segmented member comprises a cyfindrical proximal section, a 
fnisto-conical middle section whose profile decreases from that of the proximal section to that of the distal section, 
end an elongate cylindrical distal section. Initially, the segments are in a tight configuratidir subli that the proximal 
middle and distal sections of each segment is ni close proxbmty to the respecthre proximal middle and distal sectfams 
of its adjacent segment or leaf. 

The segmented member is surrounded by a thin, lubricous material or membrane. Advantageously, the 
membrane does not s^nificantly increase the proffle of the hitroducer. As used herein, "profile" win mean a cross- 
^sectional profile unless otherwise specified. The size of the membrane surrounding the segmented member must be 
sufficient to accommodate the segmented member upon expansion. While in a preferred embodiment, the membrane 
is basically noncompliant, in an ahemate embodiment, the membrane may be elastic. The membrane closely conforms 
to the outer surface of the segmented member. Due to the size difference between the profDes of the proximal 
middle and distal sections of the segmented member, in the preferred embodiment, the membrane is folded or pleated 
longitudmally along the outer surface of the segmented mendier. 

Adyantageoushft the membrane can be fonned or set in position on the member by the use of heat-formbig 
or heat-shrinking techniques, or other mechanical or chemical (e.g. adheshres) means. An additional advmitage of the 
membrane is its lubricity. As formed on the access device the material is hibricbus or otherwise less-adheshre, 
thereby f acBitating msertion of the access device mto the patrant and reducmg discomfort to the patient h the 
access device of the present mvention, the membrane does not occhide the central lumen, thereby maximlznig the 
worUng space within the lumen. 

One advantage of the access device of the present invention is that it is self-adjusting. Because the central 
lumen is expanded directly by the insertion of a larger instrument therethrough, the lumen is dDated only so far as 
is necessary to admit the passage of the instrument being advanced through it. The cenUal lumen holds the 
instrument securely along its path as it is advanced to the distal end of the access device. Advantageously, 
instruments of various cross-sectional profiles can be introduced through the lumen without first havmg to expand 
the lumen to accommodate that particular instrument. 

In s preferred embodiment expansion of the access device is limited to a maximum size such that the 
expended device mamtams enough rigidity to guide the instrument through the lumen. Further, the expansion of the 
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himan may be limited by the amount of stored material surrounding tba sagmanted member or the degree of elasticity 
of the membrane. 

Just prior to withdrawal of the instrument, the central himen and membrane may be easily collapsed so 
as to minimize any pain or trauma to the patient By removhg the mstniment from the centrel bmen, the membrene 
yields to the pressure exerted by surrounding tissue, thereby reducing the outer profile of the access device to 
facilitate withdrewel of the access device. In addition, with the application of a sl«ht vacuum, the unfolded 
mendirane w9 conform closely to the outer surface configuretion of the wgkel eccess device for eesy withdreweL 

hi eccordance with the method of construction of the surgical access device of the present inventbn, the 
access device can be constructed from inexpenshre materlab and in accordam:e with simple construction technbiues. 
Advantageously, smce each leaf can be identkal, the leaves of the segmented member may be mexpenshrely 
mamifactured, for exampl^iy n^tel stampmg or bqection molding. Metel stamping b advant^oin Kcause the 
leaves may be mede very thin. Moreover, notches or other features may be stomped or molded bito the leaf, which 
can aid oi the esserobly, adhesive appEcation or insert molding. For instance, grooves may be stamped mto the leaf 
to aid m the reduction of surface contact of the faistrament sgabist the bef. Thb in combmation with fabricous 
coatings may reduce friction of tfie instrument as it passes through the access devke. 

Advantageously, due to tiie settable nature of tiie membrene meterial tiie mennbrene can be folded, ptaated 
or stored witii respect to die access device on en exterior surface end cen be couptad to the access devbe by a 
wide veriety of meensr inctadng mechanical adheshre, heat formation, etc. Ibe selection of a tfim polymer 
membrane and stamped metal or injection molded pbstic es materieb for tiie eccess device provides tiie eccess 
device witii a thin streamQne profile, thereby reducing the amount of force needed to enter the petbnf s body. In 
addition, these materiab are advantsgeously inexpenshfo to fabricate. Thus, the access device of tiie present 
invention may be affordably supplied sterfle and dbposed after use, tiius avoiding probbms assocbted witii re- 
sterSzetbn. 

Whib the expandabb access device of the present invention can be used in a wule varbty of procedures, 
the introducer b ideally suited for specific procedures, such as tubal sterilization and directed bbpsy procedures. 
In an initbl unexpended condition, tiie segmented member and surrounding membrane have a very smaO profib. 
Preferably in conjunction with a piercing impbment or used m conjunction with guiding implements of the type used 
with vascubr access or otiier applications invohring bodily entry, the access device can be pbced through tiie wall 
of e bodily cavity. 

Once pbced through tiie slcin, pbcement witiiin tiie peritoneal cavity or otiier desired location may be 
observed and confirmed, such as witii a smaD profib endoscope. Grasping the handte of the introducer, the physidan 
can then remove tiie verres needle or smaO profia instrument from tiie central himen and place a larger instrument 
through tiie central lumen. More force b requved to pbce the brger instrument through tiie central bmen initially 
as tiia expander dflates the tissue. Cbariy, because of the versstility of the surgical access device of the present 
invention, e number of methods of use are avaiiabb. 
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The expandable surgical access device of the present invention comprises an elongate member having a 
hmien for the insertion of a medical instrument wherein the member is formed by a pluraGty of longitudinal 
components initially positioned adjacent to one another to form the himen and separable to provide expension of the 
lumen and a membrane interconnecting the components. The expandable surgical access device of the present 
5 invention may also comprise an elongate member having a lumen for the insertion of a medical instrument and a 
plurality of dhrisble leaves initially positioned adjacent to one another to form the lumen to provide expansion of the 
lumen and a flexible joint formed between any two adjacent leaves. The present invention further comprises an 
access device having a segmented elongate member providing a himen for the insertion of a medical instrument and 
having a proximal section and a distal section, wherein the distal section has a smaller profile than the profile of 
10 the proximal section and a membrane surrounding the segmented elongate member. 

Brief Descrhrtion of the Drawinna 
FIGURE 1 is a perspecthre view of the surgical access device of the present invention with a verres lieedlr'* 
shown in phantom inserted therethrough. 

FIGURE 2 is a side view of the surgical access device of FIGURE 1. 
15 FIGURE 3A b a cross-sectional v»w of one embodiment of an access device, taken along line 3-3 of 

FIGURE 2, iBustrating the distal end of the segmented elongate member of the access devtee ai its initial state, prior 
^>to deployment of an expending medical instrument through the central lumen, and further Wustreting the membrane 
pleated and stored on the outer surface of the segmented member of the access device. 

FIGURE SB is a cross-sectional view of another embodiment of an access device, taken along line 3-3 of 
20 ^ FIGURE Z illustrating the distal end of the segmented elongate member of the access device in its initial state, prior 
to deployment of an expanding medical instrument through the central lumen, and further Hhistrating an alternate 
configuration for pleating and storing the membrane on the outer surface of the segmented member. 

FIGURE 3C is a cross-sectional view of still another embodiment of an access device, taken along fine 3-3 
of FIGURE 2, illustrating the distal end of the segmented elongate member of the access device in its initial state, 
25 with the segments connected to each other, prior to expansion of the central lumen, and further fliustrating the 
membrane stored on the outer surface of the segmented member. 

FIGURE 4A is a cross-sectional view of the access device, taken along line 44 of FIGURE Z illustrating 
the proximal end of the segmented elongate member of the access device in its initial state, prior to the deployment 
of an expanding medical instrument through the central lumen, and further illustrating the membrane surrounding the 
30 segmented member. 

FIGURE 5A is a perspective view of one leaf of the access device of the present invention. 

FIGURE SB is a top plan view of the leaf shown in FIGURE 5A, with two ribs extending longitudinally along 

the leaf. 

FIGURE 5C is a bottom plan view of the leaf shown in FIGURE 5A. 
3S FIGURE 5D is a side view of the leaf shown in FIGURE 5A illustrating the tapered angle a of the middle 

section of the leaf. 



wo 98/29026 PCTAJS97/23913 

-8- 

FIGURE 5E is a side view of another embodiment of one leaf of tlie access devica of the present invention 
illustrating the tapered angtes 6, a, and of the proximal middle, and distal sections of the baf , respectively. 

H6URE 6 is a side view of the access device of the present invention m an expanded state as a larger 
profile medical instrument shown in phantom, » advanced therethrough. 

FIGURE 7A is a cross-sectional view of the expanded access device, token along line 7-7 of FIGURE 6, 
illustrating the distal end of the segmented elongate member of the access device m its expanded state, subsequent 
to the deployment of a medieel mstrument through the centrel hmien. 

FIGURE 7B is 0 cross^sectional view of another embodbnent of the access device, taken along fine 7-7 of 
H6URE 6, iOustratmg the distel end of the segmented ebngate member of the access device hi its expanded state, 
siAsequent to the deployment of a medical mstrument through the centrel himen, and furtter illustrating two 
longitudinal ribs generally along the sides each leaf. 

FIGURE 7C is a crbss-secthinal view of still another embodbnent of (Hi eisiSlTdl^e, taken abmg Ena 7*7 
of FIGURE 6, iDustratbig the distal end of the segmented elongate member of the access devb:e in its expanded state, 
subsequent to the deployment of a mecBcal instrument through the central hmien, and further fflustrating one 
longitudinal rib along the nriddle of each leaf. 

Datailgd De^tpptwp fff the Mm^ Entftpdjnwpt 

FIGURES 1 and 2 ilustrate a surgical access device or mtroducer 30 made *m accordance with the present 
tavention comprismg e handle 32, a segmented elongete member 38 havmg a central hunen, and a membrane 46 (not 
apparent m HGURES 1 and 2r but iOustrated m RGURES 3 and 4) surroundmg the segmented member 38. bi this 
case, a surgical mtroducer has been selected to IHustrste the prtacipbs of the present hventfain; however, it will be 
understood that such prmciples apply equally to al types of surgicel access devices, as well as to devices not 
necessarily bnited to surgicel access. In the broadest sense, the principles of the present mvention encompass 
devices where an expandable hnnen, b desirabta or necessary b order to aHow passage of some type of mstrument. 
Such devbes indude, without bnitatbn, mtroducer*, endoscope sheaths, catheters, cannulas, and the like. Thus, 
the fact that the present bventbn b described with respect to an mtroducer b ilhistrative only end b not tatended 
to be Smiting m any respect 

It win be understood that the present mvention b compatibb widi aO types of medical bistruments, mcbdbg 
catheters, obturators, etc Abo, vbuaGzatbn devbes used witti the present access devbe ere not to be Gmited to 
endoscopes, but abo mcbde all types of such devices, bchiding fluoroscopes, etc. The terms "mstrument" end 
"endoscope" are mtended to be only illustrative end representative of the wide variety of devices that can be utiBzed 
m accordance with the present method of use, and such terms are not intended to be fimitmg b any respect. 

Referrbg to FIGURES 1 and 2, m a preferred embodiment of the present mvention, the segmented member 
36 comprises a plurality of segments, sections or teaves 38, 40 positbned in close proximity, or even connected, 
to one another, and connected to the handb 32. The membrane 46 b combmatbn with the sections of the 
segmented member 36 form artbulatmg joints 39, 41, 43, 45. Thus, even upon expansbn of the bmen, tiie baves 
38, 40 cooperate to mabtam the structural mtegrity of tiie access devbe. 
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The segmented member 36 has a proximal section 48 attached to the handle 32, an angled middle section 
50, and a distal sectton 52. The length of eech section may vary. In one embodiment of an access device for use 
in laparoscopy procedures, the proximal section 48 is about one-haH inch (1.27cm) long, the middle section 50 Is 
about one inch long (Z54cm), end the distal section 52 is about four inches (10.16cm) long. In its initial or pre- 
dilated configuration, the proximal section 48 and the distal section 52 of the segmented member are preferably 
cyGndrical or genereOy cylindrical with the distal section 52 having a smaller profile than the profile of the proximal 
section 48. Further, the middle section 50 of the segmented member is preferably frusto-conical with its prof ila 
decreasing from that of the proximal section to that of the distal section. In other embodiments, the profile of the 
segmented member may be, but is not limited to, continuously tapered, reverse-tapered, or generelly cylindrical. 

In a preferred embodiment of the present device 30, the distal tip 53 of the segmented member 36 has 
a tapered profile. The tapered distal profile facilitates the insertion process of the device into the patient. 
Furthermore, the^listai edge is rounded or bhint to avdid damage to the patient's tissue irporfllShion. 

The handle 32 of the access devne 30 is connected to the proximal section 48 of the segmented member 
36. Withm the handle, there may be e washer septum and duckbill vahre (not shown) for maintaining an airtight 
system whether or not instruments are present within the system. A side port may also be provided for insufflation 
of media to allow for distension. It will be understood that other types of vahrang and conduit mechanisms can be 
utilized in connection with the present access device, eitiier with or without the handle. 
The Mfflrtraffe 

FIGURES 3A-C end FIGURES 4A-B illustrate cross-sectional views of various embodiments of the distal and 
: proxnnal ends, respectively, of the segmented member in a pre dOated configurathn. As 9ustrated in FIGURES 3A-C 
and 4A-B, the membrane 46 surrounds the leaves or segments 38, 40, 42, 44 comprising the segmented member 
36. The membrane 46 should be h close proximity to, and preferably in contact with, the outer surface of the 
segmented member 36. 

In a preferred embodiment, the membrane 46 b preferably made of a thin, strong, and lubricous material 
in addition, the membrane 46 should preferably be basicafly noncompliant both longitudmaDy and radially. Moreover, 
the membrane 46 should be malleable. That is, it should yield to the pressures end forces exerted upon it by 
ambient conditions, including anatomy, tissue, and other media. For instance, upon virittidrawal of the forger 
instrument from the central hmien, the membrane may conform to its pre-dilated or at least a reduced configuration 
due to the pressure exerted upon it by surrounding tissue. This feature advantageously tends to reduce resistance 
to movement of the access device 30 and enhances patient comfort. 

The size of the membrane must be sufficient to accommodate the segmented member 36 upon expansion 
of the lumen 58. As illustrated in FIGURES 3A and 38, excess membrane 46 is stored to accommodate the 
expansion of the segmented member. Since the profile of the proximal section 48 of the segmented member 36 is 
larger than the profiles of the middle 50 or distal sections 52, there is excess membrane material surrounding these 
sections. In a preferred embodiment, this excess material is folded, pleated, or otherwise stored with respect to the 
outer surface of the segmented member 36 in any one of a variety of ways so as to minimize the profile of the 
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surgical access device 30.. The excess membrane material is typically folded or doubled back on itself so as to 
closely conform to the outer surfece configuretion of the segmented member 3B; FIGURES 3A and 3B Ohjstrate two 
of the meny ways to pleat and store the membrane 46. For exemple, the lateral edges of the pleats 54 can be 
provided with thui creeses or seems SB which can be formed and sat m the membrane material It wOl be 
understood that the present membrane 46 can be formed, wrapped, pleated or folded in a number of configurations, 
other than those shown in R6URES 3A and 3B. Further, es Shistrated m FIGURE 3C, the membrane 46 may be 
sufficbntiy elastic to accommodate the expansion of the central hnnen, thereby elimmated the need to fold or pleat 
the membrene 46. Advantageously, the narrow profile of the mtroducer 30 is mamtamed. 

As further iBustreted in FIGURE 3C and discussed to deteS below, in the promoted configuration, the leaves 
38, 40, 42, 44 of the segmented member may be m frictional contact or adhered, ghied bonded or otherwise 
attached to one another. 

hi e preferred embodiment the einount of the meiikbrane:i46^red abng the outer surfece of the 
segmented member generally defmes the meximum expansion of the hmien. Thetis, the himen can be expended more 
if there is a greater amount of stored membrane. In addition, the nundier and size of the leaves also affect the 
maximum amount of expansion so that the structural ntegrity of the segmented member is mabttained upon 
expension. 

Referroig to FIGURE 4, it is not necessary to fold or pleat the portion of the membraro 46 surroundbig the 
proxbnal section of the segmented member because the profile of the proximal section is greater than the profile of 
the disul section. However, there may be excess membrane material suiroundmg the distal section of the segmented 
member dependbig on the desired radial expenaon of the introducer, and thus, such excess material wouM be folded 
or pleated as well. 

An intermeduite amount of heat, such as approxonately 160*'F, mey be appied to the membrane material 
so as to heat form or set it in position closely conforming to the segmented member 3a Other mechanicai formmg 
or adhesive techniques may also be employed. The ^ttabb nature of the nmmbrene is such that a creese or seem 
56 formed in the pleated material wiD retain a sharp, narrow profile, thus faciStatmg entry end use and avoidmg 
damage or distortion to the segmented member 36. 

In vivo data has demonstrated that the amount of force required to insert the devb:e of the present 
mvention is less than the average msertion force associated with other access devfees used m laparoscopic 
procedures. This reduction in insertion force is facilitated by the hibricity of the membrane and the overeD narrow 
or streamline profile of the eccess device of the present invention. For instance, a radially expandntg mtroducer 
composed of an mner elastic material surrounded by a second braided material with an additional outermost peel- 
away material is commercially available. Dilation of this mtroducer is accomplished by placing a rigid expanding 
sleeve end a blunt obturator through the introducer. Once through the introducer, the blunt obturetor is removed 
leavmg the central himen of the expanding steeve for the placement of instruments. AD of these materials in 
combination add to the profSe of the access device and creates resistance upon entry into the body. The edditional 
force required to insert such an introducer may creete a hezard for the petient and cause unnecessery trauma or 
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paki to the patiant The reduction in tiia number of components and tlia thinness of each component in the 
introducer of the present Invention reduces the overall profile of the device, thereby reducbig the amount of force 
requirad to insert the device oito the patient. 

An in vh^o porcine experiment was performed in which force gauges were pieced on the proximal portions 
of various eommercielly available introducers used in laparoscopic surgery, including the Introducer described above, 
ami introducers made in accordance with the present invention, in each case a verres-needle type puncture 
implement was used in connection with the introducer. The results of this experiment indicate that the average 
insertion force of the commercially avaBabb bitroducers was about 7 pounds, while the average insertion force of 
the introducer of the present nwention is ebout helf that amount, or reduced by about 50%. Therefore, the insertion 
force necessary to Insert the access device of the present nivention in leparoscopy procedures is advantageously 
reduced from the force required for insertion of other expendeble introducers. 

.u-to a sbnBar experiment, force gauges were placed oi» instruments of expahding sleeves to measure the 
forces required to diate the oitroducer beyond its biHiai entry size. The results of this experiment indicate that an 
average force of about 22 pounds is required to dilate the commercially avaBaMe expanding Introducer described 
ebove 5 mm, whOe the average force required to dBate the mtrodueer of the present invention 5 mm is about 8 
pounds. Thus, the amount of force necessary to dBate the access dence of the present mventlon 5 mm Is 
' edvantegeously roduced. 

The membrane sbouU be thin, gmereDy rangbig in thickness between .0005 hch (0.013RHn) end .002 inch 
• (0;051mni), preferably betag ebout .001 bwh (0.025mni). Thus, even when doubled back on itself and lying on the 
outer surf see of the segmented member 36, the membrene 46 edds only a negEgBile thckness to the prof Be of the 
introducer 30. bi addition, because of the chise conformity of the membrane 48 upon the member 36. it b less likely 
to be distorted or disturbed upon insertion of the introducer 30 into the body. Thus, the segmented member 36 and 
membrene 46 meintein stractural integrity to evoid patient discomfort during insertkin of the access device 30. 

A number of materials can achieve these edvantages of the membrane 46 of the present mventwn. For 
exempb, nelastic pohrman or other pbated, woven, or braided meteriab can be utized. Preferably, however, highly 
orienteted or crossed, noncompiant polymere can be otifaed as a membrane materiel. Such inaterieb tend to 
be thermoptestfcelly settabb, with gtass transitions temperatures greater tiien room temperature, hi additbn, such 
polymere ere sembrystaDbe and deformabb ni the nystaine state. Thus, it may ba folded, pbatad, raBed, or 
otherwbe stored in combnntbn with the htroducer without the bss of its advantageous mechanbal properties, such 
as strength, noncompGance, etc in acbbvmg thb storege posftbn. the membrane can readily conform to the surface 
or space n which it b pbced. 

Because the membrene b thermopbstteafly settabb, once it b stored b thb positbn. the appKcation of 
thermal energy wBI result in tiie reafignment of the crystaOina stractura so that tin membrane retains its storage 
position; however, it win be underatood that thb set n the membrane storage posWon can abo be achbved by the 
epplication of mechanical energy or chemicab (e.g., adheshras). Thus, it een he said that the membrane b "self- 
cenformabb," since it con conform to a surface or space and assume a gben configuration, and than ba self-retabed 
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in that configuration, bi addition, once it b desired to remove the membrane from its stored configuration (e.g^ in 
order to achieve ddation)* its deformabflity is again an advantage. 

The membrane 46 of the present invention can be constructed from any one of e number of highly oriented 
or cross-finlcBd, noncompliant materials, including, without imitation, polymers. Such polymers may preferably undergo 
an extrusion process in order to achieve thek high orientation ststus, resulting in their noncompGant and substantially 
inelastic nstura. Moreover, such extruded polymers are also very strong and tough, and lubricous as pointed out 
ebove. Although other materials within that group are possibb, such as polyolefbis and their blends which can be 
highly ortentated or cross-linked after radiation treatment and heat forming as found in the ert of balloons for 
angioplasty catheterst in the preferred embodiment, ti» membrane material is polyethytene terephthaiate ("PET). 
Otiier materials inchide nylon and polyethylene which ach'»ve orientation by pre-stretching whereby the material has 
high strength and Bttle elongation when a toad (stress) is exerted upon it 

The membrane can be constructed from SET titog-which can come h tiie form of baltoon tubing which 
is pre-stretched and hqhiy orientated for mmbnal elongation. Otfier constructions of membrenes can use polyotefins 
and tiieir blends, polyethylene, and nytons which are highly orientated or cross-ibiked. 

Since die membrene 46 is preferably f onned on the exterior of the segmented member 36, its natural 
lubricity provides an important advantage m connection with the ease of msertion of the introduce 30. 
Advantageously, by formmg the membrane on the outer surface of the segmmted member, even in its faiitiel 
configuration, the woricbig spece widiin the central toman of the device n mextoiized. However, it will be noted to 
accordance with the present tovention that the membrane 46 may abo be formed witbto tiie segmented member 36, 
if desired or necessery. 
Thff SfflPB'rtrt MWPher 

The segmented elongate member 38 provides s central lumen 58 for recehrtog a medtoal tostrument., The 
segmented member 38 should be of suffictont rigidity and structural totegrity to meintato its overaH shape durtog 
msertion of the devtoe 30 toto a pattonfs body, and to guide the taserted medical instrument through the centrel 
tomen 58 durtog and after dflation. The segnmited member 36 may conqirise any number of segments or baves 
greater than one. In a preferred embodinuRt, the segmented member 36 comprises four baves 38, 40, 42, 44. 

The segments or baves of the segmented moriier 36 may be provided to various ways. For example, to 
one embodtoient, tiie segmented member 36 may comprise e phrality of pref abriceted sits or perforations atong a 
ringto ptoce of metal or pbstic which can be split open or separated upon totroduction of the targer tostrument 
through the tomen. Further, referring to FIGURES SA-5E, to a preferred embodiment tiie segmented member 36 
comprbes e plurality of separately formed dhrbibte beves 38, 40, 42, 44, each havmg a proximal 60, middle 62 and 
dntal 64 section. In addition, each baf may be identical to tiie others. InitbDy, tiie baves 38, 40, 42, 44 are to 
a tight or close configuration such that the proximal 60, middb 62 and dbtal 64 sections of each baf b to ctose 
proxtoiity to the respective proxtoial 60, middb 62 and dbtal 64 sections of its adjacent baf or baves. As 
IDustrated to FIGURE 3C, die baves 38, 40, 42, 44 may be partially or wholly adhered, bonded or otherwbe 
connected to eech other to en toitial conf iguratton. Through the use of edheshres, thermal bondtog, tofrared bondtog. 
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ultrasonic welding or other like methods, the leaves 38, 40, 42, 44 may be affixed to one another yet easily 
separable or dhfisible. Moreover, the divisible leaves may be interlocked or connected to each other by an extending 
piece on one leaf and an accommodating groove on the adjacent leaf. In such a fashion, the leaves may be initially 
connected to one another. 

5 In a preferred embodiment, each leaf is sfightly rounded so that initially, when the proximal 60, middle 62 

and distal 64 sections of the plurality of leaves are placed near to each another to form the segmented member 36, 
the proximal 48 and distal 52 sections of the segmented member 48 are generafly cylindrical and profile of the middle 
section 50 tapers from proxbnal section to the distal section. In a preferred embodiment, the proximal 60 and distal 
64 sections of the leaf 38 each have a constant width, with the width of the distal section 64 being smaller than 

10 the width of the proximal section 60. The width of the middle section 62 tapers from that of the proximal section 
60 to that of the distal section 64. 

As illustrated in FIGURE 5D, ai a preferred embodiment, fttt rniddle section 62 of the leaf angles away from 
the distal section 64 of the leaf at an angle or. The angle a, which must be less than 90'', may range from 2*" 
to 20**, and is preferably 3.5°. The angled middle section 62 facilitates both the msertion of the introducer 30 into 

15 the patient and helps to guide the medical bistrument through the central hmien 58. As Ohstrated in FIGURE 5E, 
the proxbnal section 60 and the distal section 64 can also be tapered or angled at angles 0 and fi, respectively. 
Thusil the access device in accordance with the present mvention may have any combhation of tapered proximal, 
middle and distal sections, inchiding none. 

In a preferred embodbnent, due to the tapered profh of the middle sectton 64, upon mtroduction of a larger 

20 instrament through the central hmien 58, the hmien is gradually expanded as a larger mstrument is faiserted through 
tiie angled middle section 6Z The faitroducer is preferably expanded gradually due to the gentle angle a, thereby 
reducing pan and discomfort to die patient. 

In a preferred embodiment each leaf or segment has one or more rbs 70 or notches extendmg longrtudmally 
to f urtiier aid *m guiding the mstrument through the himen. The rbs 70 also aid m the reduction of surface contact 

25 of the uistrunwnt agahist the leaf. As ihistrated bi FIGURE 7B, the ribs 70 may extend along the sides of the 
leaves 38, 40, 42, 44, or down the middle of tiie leaves as m FIGURE 7C, or hi other locations, not Bhistrated. 

It is noted tiiat whib each leaf alone may be f Bmsy, tiie combmation of baves forms a segmented member 
with suff bient rigidity and stractural nitegrity to be mserted mto a patient. The leaves 38, 40, 42, 44 should be 
thin, and preferobly no tiiicker tiian .030 inch (0.76mm). The leaves may be made of plastic or metal. In a 

30 preferred embodiment, the leaves are metal widi a thickness of 0.015 inch (0.38mm). IMethods of manufacturing 
the baves are discussed bi greater detail bebw. 

As illustrated in FIGURE 6, the bmen of the access device cen be expanded by introducing into the central 
lumen an mstrument which has a profib hrger than the m'ltial working space of the himen. As the larger mstrument 
is advanced through the bmen 58, the baves 38, 40, 42, 44 separate or move away from each other m a generally 

35 outward direction from the central liimen, thereby enlargtag tiia cross-sectbn of die bmen 58 and the profOe of the 
member 36. 
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In a preferred embodiment as the lumen 58 a enlarged, the membrane 46 surrounding the member 36 
unfolds or unpleats to accommodate the outward or radial expension of the member 36. FIGURES 7A-C show a 
cross-sectional view of the distal end of the member after maximum expantion of the himen. It should be noted that 
since the himan is expanded only so far as necessary to accommodate the instrument, the member may be only 
5 partially expanded and does not need to be fully or maximally expanded, as shown in FIGURES 7A-C. Thus, the 
terms "dilated" and "expanded" may refer to any dilation or expansion, inchiding maximum dilation or expansion, 
greater than the initial configuration of the access device or central lumen. Method of Construction 

The leaves of the segmented member 38 may be metalGc or plastic In a preferred embodiment, each leaf 
b identical which reduces the cost of manufacturing the device. Further, the leaves ere preferebly mode from 
10 stamped metal Advantageously, the metallic leaves can be made very thbi and the cost of manufacturing the 
metallic leaves is low. 

As ahistrated in FIGURES 5B#«Hlf I6URES 7B-C, the rSbs 70, notches or other features may be stamped 
onto the leaf. This in combmation with lubricous coatmgs may reduce the friction of the instrument as it is passed 
through the introducer. For exenqile, in one embodiment the inner surface of the leaf, or the surfsce f edng toward 

15 the central bmien, is Tefhrn"" coated to facilitate insertion of the medical instrument In addition, additional features 
may be stamped or molded mto the leaf which aids m assembly, adhesive application, or insert moMing. The beves 
cen abo be made from injection molded plastb and since each indwidual baf b identical the manufecturing costs 
assocbted therewith b low. 

In the preferred embodonent the plurality of leaves are arranged m ctase proximity to each other, or may 

20 be touchmg each other, and attached to the handle to form the segmented member. In another embodiment, the 
segments or sections of the member are formed by sGtting or perforeting the ebngeted member at best partblly 
longitudinaily and the member b attached to tiie handb. 

The outer surfece of the member b surrounded by the mendirene. Excess nmmbrane material may be folded 
or pbated atong the outer surface of tiie member. Covers or forms are ptaced onto the folded membrane to cbsely 

25 conform the menrisrene to the profib of the introducer. These etonents keep the membrane in close confqurstion 
prior to heat setting. A moderete emount of heat b appKed to the eccess device b order to thermoplastbaOy set 
tba membrane m its stored poatbn. In one preferred embodiment, the PET material whbh comprises the membrene 
hes a glass transitbn temperature of ISO^'F. Thus, tiie settbg tempereture used b thb method of constructbn b 
preferebly ebout leO^'F. It will be noted b thb regerd tiiat sterffizatbn of the system b achtaved at about IM^^F. 

30 The present method is not limited to that described ebove. A number of other methods of construction will 

become apparent to those of ordinary skilL For exempb, because of the themioplastic nature of tiie membrene 
material heat formmg, heat stalemg, or heat shrinkbg can easDy be empbyed m other aspects of the construction 
method. Although most costly, edhesives or other mechanbel fasteners cen be utirsed. Heat-activated or hot-melt 
adhesives, UV cured adhesives, or pressure-sensitive adheshre systems can ebo be used to facilitate attachment of 

35 the membrene to the segmented member. Such techniques cen ebo be used for keepmg the folded membrane tecked 
down onto the surface of the segmented member. 
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Mptho0 of Us^ 

WhBe the expandable access device of the present invention cen be used in a wide variety of procedures, 
the Introducer 30 is ideally suited for specific procedures, such as tubal steraization and directed biopsy procedures. 
In an initial, closed or unexpended condition, the segmented member 36 and surrounding membrane 46 have a very 
smaD profile. The distal tip and section of the segmonted member in combination with the membrane provide a 
streamline entry device which cen go through tissue easily. For example, can be placed through the wall of a bodily 
cavity, for example, the ebdomen, in conjunction with a piercing implement, such es a verres needle (shown in 
phantom) or used in conjunction with vascular access or other applications involving bodily entry. 

Once placed through the skin, placement within the peritoneal cavity or other desired location may be 
observed and confirmed, such as with a smaH profile endoscope. Gresping the handle 32 of the introducer, the 
physician can then remove the verres needle or small profile instrument from the central lumen 58 and place a larger 
instrument, such as a S, 8 or IQmm device-or lifqnrffitaugh the central lumen. More force is required to place 
the larger instrument through the central lumen initially as the expander dilates the tissue. Clearly, because of the 
versatiity of the surgical access device of the present invention, a number of methods of use are available. 

It should be understood that the scope of the present mvention is not to be fimited by the illustrations or 
foregoing description thereof, but rether by the eppended claims, and certain variations and modifications of this 
invention wiD suggest themsehres to one of ordinary skill in the art 
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WHAT IS CUIMED iS: 

1. An expandable surgical access device comprising: 

an elongate member having a lumen for the insertion of a medical instrument the member 
comprising e phjrality of longitudinal components mitially positioned adjacent to one another and forming 
5 the lumen, the components being separable to provide expansion of the himen; and 

a membrane interconnecting the components. 

2. An expandable surgical access device comprising: 

en elongate member having a hmien for the insertion of a medical instrument the member 
comprising a plurality of dhrisibia leaves InitiaDy positioned aiQacent to one another to form the lumen, the 
10 components being dhrisible to provide expansion of die lumen; and 

a flexBile joint formed between any two adjacent leaves. 
^ .3. . ThHccis^jVlt^of C^^^ Z wherein the jomt comprises a ibxiblo membrane. 

4. An expandeble surgical access device conq)rising: 

a segmented elongate member providiiQ e hrnien for the insertion of a nwdical bistrument tiie 
15 member having a proximal section and a distal section, the distal section havtag a smaller profile then tfie 

prof Be of the proximal section; and 

a menibrane surrounding the segmented elongete mendier. 

5. The surgicsi access device of Cleim 4, wherein the membrane is pleated to provide expansion 
capability. 

20 6. The surgical access device of Claim 4, wherein the segmented elongete member comprises at toast 

two tapered leaves positioned in an mitial tight configuratbn. 

7. The surgical access device of Claim 4, wherein the membrane is a thin, strong materiel which is 
tiiemnaDy, mechanically; and/or chemically settable so tiiat prior to expansion of tiie access device, the membrane 
retains its storage position. 

25 8. The surgicei access device of Claim 7, wherein the membrane is polyethylene terephtbalate. 

9. A radially expendeble surgical access device heving en outer surface defming at any particular 
location along its longitudinal axis, a cross-sectional profile, the device comprising: 
a handle; 

a segmented member providing e himen for the insertion of a medical instrument or visualization 
30 device, the member having a cyGndrical proximal section connected to the handto in an initial tight 

configuration, a tapered middle section, and a cybdrical distal section, the profile of the distal section bemg 
smaller than the profile of the proximal section; and 

a thin, polymer membrane surrounding the leaves and which, prior to expansion, so closely 
conforms to the outer surface of the surgical access device that it only negCgaily increases the size of the 
35 profde of the surgical access device. 
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ID. The radially expandable surgical access device of Claim 9, wherein the membrane is 
thermoplastically set in position along the outer surface of the access device. 

11. A method of expanding the effecthre diameter of e puncture site, comprising the steps of: 
introducing into a patient an expandable surgical access device comprising a segmented elongate 

member having a hjmen extending axially therethrough, the member in an initial close configuration 
surrounded by a membrane; and 

inserting through the himen of the access device a medical instrument or visualization device with 
a diameter larger than the initial diameter of the lumen such that the medical instrument separates the 
segments of the segmented elongate member and unphats the membrane. 

12. A method of manufacturing a radially expandable surgicel access device, comprising the steps of: 
providing et least two thin, tapered leaves made from stamped metal; 

Positibnmg the leaves-iir'aeirlltaximtty defining a lumen with a proximal end and a distal end, 
the diemeter at the proximal end larger than the diameter at the distal end; 
surroundmg the leaves with a thin, hibricous polymer membrane; 
pleating the membrane; and 

pressing the pleated membrane onto the outer surface of the leaves. 

13. The method of manufacturing a radially expandable surgical access device es in Claim 12, further 
comprising the step of temporerily affbnng the leaves to each other in such a way that so that the leaves are easily 
separable upon the introduction of an instrument through the lumen. 

14. The method of manuf acturbig a radially expandable surgicel eccess device es In Claim 1 2, whereh 
the leaves are temporarily affixed to each other by thermal bonding. 
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